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Abstract

A wind tunnel investigation was conducted on a generic, high-wing
transport model in the Langley 14- by 22-Foot Subsonic Tunnel. This re-
port contains pressure data that document effects of various model con-
figurations and free-stream conditions on wing pressure distributions.
The untwisted wing incorporated a full-span, leading-edge Krueger flap
and a part-span, double-slotted trailing-edge flap system. The trailing-
edge flap was tested at four different deflection angles (20°, 30°, 4P,
and 6(F). Four wing configurations were tested: cruise, flaps only,
Krueger flap only, and high lift (Krueger flap and flaps deployed). Tests
were conducted ot free-stream dynamic pressures of 20 psf to 60 psf with
corresponding chord Reynolds numbers of 1.22 x 100 to 2.11 x 10P and
Mach numbers of 0.12 to 0.20. The angles of attack presented range
from P to 20° and were determined by wing configuration. The angle
of sideslip ranged from —2(° to 2(°. In general, pressure distributions
were relatively insensitive to free-stream speed with exceptions primarily
at high angles of attack or high flap deflections. Increasing trailing-edge
flap deflection increased suction pressures on the wing and improved
flow on the flaps. The leading-edge Krueger flap significantly reduced
peak suction pressures and steep gradients on the wing at high angles
of attack. Installation of the empennage had no effect on wing pressure

distributions. Unpowered engine nacelles reduced suction pressures on

the wing and the flaps.

Introduction

Extensive research of aft-fuselage-mounted, ad-
vanced turboprop (ATP) engines on commiercial air-
craft has been conducted at Langley Research Cen-
ter (refs. 1 and 2). Recent interest has expanded to
include determination of aerodynamic characteristics
for wing-mounted installations. A significant amount
of wing-integration rescarch was conducted in the
1960’s and the 1970's for propeller-driven aircraft
(refs. 3 and 4). Advanced turboprop aircraft have
higher disk loading than propeller-driven aircraft.
Low-speed integration issues such as interaction of
propeller slipstream and high-lift systemn, stability
and control, and engine-out characteristics may be
more critical for wing-mounted ATP engines. These
concerns led to the design and the fabrication of a
high-wing model with the capability of testing the
propulsion system in wing-mounted configurations.

The initial task of the rescarch reported herein
was to measure and to document the aerodynamic
characteristics of the baseline (unpowered) model.
This report contains wing pressure distribution data
obtained from subsonic tests in the Langley 14- by
22-Foot Subsonic Tunnel.

Detailed wing surface pressure distributions are
presented herein for a variety of model configura-
tions. Limited analysis of the data ascertains the ef-
feets of certain model configurations and frec-stream

flow conditions on wing surface flow behavior. The
cntire data set can be electronically transferred by
contacting the authors.

Symbols

Ch pressure coeflicient

cr local flap chord, in.

Cr local Krueger-flap chord, in.

Cp local vane chord, in.

Cyr local cruise wing chord, in.

M free-stream Mach number

q free-stream dynamic pressure, psf

R Reynolds number based on wing
mean aerodynamic chord

S wing reference area, 16.92 ft?

& chordwise distance aft of leading
edge, in.

Y spanwise distance from model
centerline, in.

2y ordinate on lower surface, in.

Zy ordinate on upper surface, in.

¢ angle of attack of model reference

centerline (positive nose up), deg



B8 angle of sideslip of model reference
centerline (positive nose left), deg

of deflection angle of flap, deg

bk deflection angle of leading-edge
Krueger flap, deg

by deflection angle of vane, deg

Subscripts:

f Hap

ref reference

v vane

w wing

Abbreviations:

ATP advanced turboprop

DAS data acquisition system

ESP electronically scanned pressure

HT horizontal tail

MAC mean aerodynamic chord

Sta station

vT vertical tail

Model Description

The model used in this investigation was a
generic, high-wing transport configuration, which
was designed to be rigid for the conditions tested.
The untwisted wing incorporated a full-span,
leading-edge Krueger flap and a part-span, double-
slotted trailing-edge flap system. The geometry of
the wing and the high-lift system was identical to the
semispan wing model used in reference 5. Sketches
of the complete model and the starboard wing with
pressure taps are shown in figure 1. Photographs of
the model installed in the Langley 14- by 22-Foot
Subsonic Tunnel are shown in figure 2. Sectional co-
ordinates of the wing, the vane, the flap, and the
leading-edge Krueger flap are shown in tables 1 to 3.

The trailing-edge flap system was tested at four
different' deflection angles (8 ;o= 20°, 30°, 40°,
and 60°). Table 4 shows vane and flap deflection
angles that were used during the investigation. The
leading-edge Krueger flap was full span and twisted.
The deflection of the Krueger flap varied along the
wing span because of the twist as indicated in ta-
ble 4. The Krueger flap had two “cutouts,” approxi-
mately 1.5 in. wide to provide clearance for pylons to
mount engine simulators on the wing. These cutouts
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were left open for all tests without the pylons and the
nacelles (fig. 2(b)).

Four wing configurations (figs. 1(b) to 1(e)) were
tested: cruise, flaps only, Krueger flap only, and high
lift (Krueger flap and flaps deployed). The cruise
configuration was obtained by removing the Krueger
flap and stowing the trailing-edge flap system with
fixed brackets. In this configuration, only exposed
pressure ports were plotted to represent pressure
distributions for the cruise wing. Four additional
sets of trailing-edge flap system brackets were used
to obtain the other deflections.

Figure 3 shows the reference points used to po-
sition the wing and the trailing-edge flap for vari-
ous wing configurations. The reference points are
located vertically on the component reference plane
(z = 0) and chordwise relative to the component
lcading edge. The leading-edge Krueger flap is not
shown, but its reference point is the lower-surface
trailing edge, which is always coincident with the
leading-edge of the wing with no gap.

Figures 4 to 6 show details of the inboard and the
outboard segments of the trailing-edge flap system.
Two flap brackets were used for each of the flap
segments; the bracket stations are indicated. All flap
brackets were 0.75 in. thick and had similar cross-
sectional shapes: rounded leading edges, straight
sides, and slab-sided trailing edges. The inboard flap
segment is constant in thickness across its span and
the outboard flap segment varies linearly across its
span.

The pylon and unpowered engine nacelle instal-
lations are shown in figure 7. The nacelle geometry
is identical for both inboard and outboard stations,
but the pylon geometry changes slightly as shown.

The starboard wing had five rows of chordwise
pressure taps (fig. 1(f)). The three inboard pressure
stations were located in close proximity to the in-
board engine nacelle mounting location. The fourth
pressure station was located near the middle of the
outboard flap segment, and the fifth station was lo-
cated on the aileron. The wing had a maximum
of 313 pressure taps; coordinates are presented in
tables 5 to 9.

The empennage consisted of a T-shaped tail ar-
rangement with an all movable horizontal stabilizer
with an elevator. The vertical tail had a double-
segmented rudder. All control settings were at zero
for all tests.

Unpowered engine nacelles were tested in a four-
engine, wing-mounted configuration. Nacelle geom-
etry was identical to the model used in reference 6.



The nacelles were mounted at wing stations
y = 15.00 in. and 29.00 in. A sketch of the trans-
port model with nacelles installed is shown in fig-
ure 8. Photographs of the model with nacelles arc
presented in figure 9.

Test Conditions

The investigation was conducted in the Langley
14- by 22-Foot Subsonic Tunnel. which has a test
section 14.50 ft high by 21.75 ft wide by 50.00 ft
long (ref. 7). Tests were conducted in the closed,
solid-wall test section at free-stream dynamic pres-
sures of 20 psf to 60 psf with corresponding Reynolds
numbers based on wing mean aerodynamic chord of
1.22 x 105 to 2.11 x 10°. Mach numbers correspond-
ing to the dynamic pressures were 0.12 to 0.20. The
model was tested through an angle of attack range of
—4° 0 24° in 2° increments and an angle of sideslip
range of —20° to 20° in 5° increments; only a repre-
sentative portion of these data are contained in the
report. In some cases, the maximum angle of attack
was limited by model dynamic oscillations near stall.
Pressure distributions are presented for angles of at-
tack from 0° to 20°. All tests were conducted with
the model positioned at or near the tunnel centerline
to minimize possible wall effects. The entire data set
is available on electronic files from the authors.

Angle of attack was set by the pitch drive of
the model support system and was measured by an
electronic inclinometer mounted inside the forward
portion of the fuselage. Sideslip angle was set by
the vaw drive of the model support system and was
measured by an electronic counter mounted to the
yaw drive. Accuracy of angle-of-attack and sideslip
measurenients was £0.01° and +0.02°, respectively.

Wing, body. and wake blockage corrections. de-
termined from reference 8. were used to correet free-
stream dynamic pressure. No corrections were made
to the data for tunnel How angularity (according to
reference 7. upflow is about 0.157) or support system
interference.

Data presented herein were acquired with an elec-
tronically scanned pressure (ESP) system.  Each
pressure tap is connected to an individnal 5 psi pres-
sure transducer, which is contained in modules of
32 transducers. The accuracy stated by the manu-
facturer for the pressure system is £0.72 psf (0.1 per-
cent of full scale). The ESP system has the capability
of online calibration for each pressure transducer to
maintain a high degree of accuracy. The ESP system
scans all transducers at rates up to 20 kHz and ac-
quires all pressure data at nearly the same instant.
These data are passed to the tunnel data acquisition

system (DAS) at the rate of 1 sample per second.
The DAS averages 20 of these samples for cach data
point.

Presentation of Results

Surface pressure distributions for each wing el-
ement are presented as pressure coefficient () at
nondimensional chord location. Chord locations are
nondimensionalized by the local element chords at
cach wing station. which are presented in tables 5
to 9. Unless specified, all tests were conducted with-
out the empennage and the engine nacelles installed.

Discussion of Results

Pressure distributions are presented at selected
angles of attack for various wing configurations to
support the limited analysis discussed herein. The
transport model was configured in a wing and body
geometry for most of the data presented in the report
(horizontal and vertical tails removed and without
engine nacelles). Exceptions are noted in the text
and the figures. Pressure distributions are presented
from o = 0° to & = 16° for the wing without the
leading-edge Krueger flap and to o = 20° with the
Krueger flap.

Effect of Free-Stream Speed

The 14- by 22-Foot Subsonic Tunnel does not
have the ability to independently vary dynamic pres-
sure (g), Reynolds number (R). and Mach number
(A1). Therefore, an increase or a decrease in any
one of these parameters results in a corresponding
increase or decrease in the other two parameters. For
this investigation. increasing dvnamic pressure from
20 psf to 60 psf resulted in corresponding inereases
in Reynolds number from 1.2 x 109 to 2.1 x 109, and
in Mach number from 0.12 to 0.20.

Figures 10 to 19 present the effeet of increasing
free-stream speed on wing pressure distributions by
increasing free-stream dynamic pressure from 20 psf
to 60 psf. Results for the eruise configuration (fig. 10)
show no effect of free-stream speed on pressure dis-
tributions for o < 12°. At o = 16°, the higher free-
stream speeds caused slightly inereased suction pres-
sures (more negative (7)) on the npper surface near
the leading edge.

Pressure distributions for the flaps-only configu-
ration (figs. 11 to 14) exhibited similar insensitivity
to free-stream speed at low angles of attack. Slightly
increased suction pressure on the upper surface of
the wing near the leading edge occurred at o = 12°
for the higher free-stream speeds. Two conditions
are particularly noteworthy for this wing configura-
tion. Pressure distributions at a = 16° for é; = 40°
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and 60° (figs. 13(e) and 14(e)) indicate significant ef-
fects of free-stream speed on the wing surface flow
characteristics. At q = 20 psf, suction peaks on the
wing for the three inboard stations (y = 11.0 in.,
19.0 in., and 22.0 in.) are greatly reduced from higher
free-stream speed conditions. (Data were not avail-
able for the ¢ = 60 psf for 6 = 60° condition.) Data
at the two outer wing stations (y = 43.75 in. and
59.0 in.) implied that the flow on the upper surface of
the wing was completely separated for the g = 20 psf
condition. The flow at these two wing stations re-
mained attached at higher free-stream speed condi-
tions. This flow condition was probably a Reynolds
number effect because the chord Reynolds number
was smaller at the two outboard wing stations than
at the inboard wing stations.

The Krueger-flap-only configuration results are
presented in figure 15. As expected, flow on the
lower surface of the Krueger flap appeared to be
separated. This caused a stagnant (no flow) region on
the lower surface of the wing near the leading edge.
Variations in free-stream speed had virtually no effect
on pressure distributions for this configuration.

Pressure distributions for the high-lift configura-
tion (leading-edge Krueger flap on and trailing-edge
flaps deployed) are presented in figures 16 to 19. For
the &y = 30° at o = 20° condition (fig. 17(f)), wing
stations y = 11.0 in. and 19.0 in. had less suction
pressure on the wing upper surface for ¢ = 20 psf
than for the g = 40 psf case. (Data were not acquired
for the ¢ = 60 psf condition.) Exactly the opposite
occurred at y = 43.75 in. station, where results at
q = 40 psf had less suction pressure than the results
at ¢ = 20 psf. For the §; = 40° at o = 20° case
(fig. 18(f)), the pressure distributions were nearly
identical for the low and the high free-stream speed
conditions (g = 20 psf and 60 psf). However, the
q = 40 psf results were similar to those shown in
figure 17(f).

Overall, each wing configuration showed sensitiv-
ity to free-stream speed at high angles of attack. The
cffects on the cruise and the Krueger-flap-only con-
figurations were confined to slight changes in peak
C'p values near the wing leading edge. The Haps-only
and the high-lift configurations at high angles of at-
tack and high flap deflections were very sensitive to
changes in free-stream speed.

Effect of Angle of Attack

Figures 20 to 29 present the effect of angle-of-
attack variation on pressure distributions for differ-
ent wing configurations. Cruise configuration results
(fig. 20) showed expected negative increases in Cp
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with no unusual characteristics as angle of attack in-
creased to o = 16°.

Figures 21 to 24 show the effect of angle-of-attack
variation for the flaps-only configuration. Flow sep-
aration was evident on the wing of the flaps-only
configuration for two conditions. Pressure distribu-
tions for the é; = 40° and 60° conditions at & = 16°
and ¢ = 20 psf indicate flow separation on the two
outer stations of the wing upper surface (figs. 23(a)
and 24(a)). These were the same conditions high-
lighted in the “Effect of Free-Stream Speed” section.
Trailing-edge flap pressure distributions were rela-
tively insensitive to changes in angle of attack except
for the two conditions with flow separation on the
outer wing.

The Krueger-flap-only configuration (fig. 25)
showed a progressive increase in suction pressure
for the outer two wing stations (y = 43.75 in. and
59.0 in.) as angle of attack increased. The three in-
board stations showed an initial increase in suction
pressure for a < 16°. which was followed by a de-
crease in suction pressure at o = 20°. Suction pres-
sure on the Krueger flap progressively increased with
angle of attack at all wing stations. Increases for the
two outboard stations were larger than increases for
the inboard stations.

Effect of angle of attack on pressure distribu-
tions for the high-lift configuration is presented in fig-
ures 26 to 29. Generally, suction pressure on the wing
increased when angle of attack increased for o < 16°.
The three inboard wing stations indicated a decreasc
in suction pressurc as angle of attack was increased
from a = 16° to 20°. Station y = 43.75 in. typi-
cally had similar pressure distributions for o = 16°
and 20°. The outer most wing station continually
increased in suction pressure with increasing angle
of attack. Similar trends were observed for leading-
edge Krueger-flap pressure distributions. Trailing-
edge flap system pressures indicated increased sen-
sitivity to angle-of-attack changes as flap deflection
was increased, particularly for the three inboard sta-
tions. The larger flap deflections at the highest angles
of attack had greatly decreased suction pressure on
the upper surfaces, which indicated significant flow
separation for the three inboard stations. In general,
this was not the case at y = 43.75 in., where typ-
ically a continual increase in suction pressure with
increasing angle of attack occurred.

Generally, increasing angle of attack had the pre-
dictable effect of increasing suction pressure on the
upper surface of the wing. The effect of increasing an-
gle of attack on the high-lift elements varied with the



configuration. At high angles of attack, free-stream
speed effects predominated.

Effect of Sideslip Angle

The model was tested at various sideslip angles
to determine the effect on pressure distributions for
free-stream dynamic pressures of ¢ = 20 psf and
40 psf. Data were acquired by positioning the model
at a given angle of attack and conducting a sideslip
angle sweep from 3 = —20° to 20° in 5° increments.
Sideslip variation had the effect of unsweeping the
starboard wing relative to the oncoming flow to
8 22 10°. Since the wing leading-edge sweep is 9.57°,
increases in sideslip actually produced a forward
sweep of the starboard wing.

Figure 30 presents the effect of sideslip angle on
cruise configuration pressure distributions. Gener-
ally, suction pressure increased as sideslip was in-
creased from —20° to 20°; this trend was accentu-
ated as angle of attack was increased. The effect was
greater for inboard wing stations than for outboard
stations with station y = 11.0 in. experiencing the
most sensitivity.

The flaps-only and Krueger-flap-only configura-
tions (figs. 31 to 33, respectively) generally had
trends similar to the cruise configuration. However,
upper-surface flow separation was evident on the
wing of the flaps-only configuration for the by =30°
at a = 16° condition. Wing stations y = 43.75 in.
and 59.0 in. appeared to have flow separation on
the wing upper surface at ¢ = 20 psf (fig. 31(c)),
while only station y = 59.0 in. indicated flow sepa-
ration for the ¢ = 40 psf case (fig. 31(f)). Pressure
distributions on the trailing-edge flap system were
largely unaffected by sideslip changes with the largest
changes in pressure distributions occurring on the in-
board stations. Minimal effects of sideslip were ob-
served on the Krueger-flap pressure distributions for
a < 8% The greatest effect of sideslip variation for
the Krueger flap occurred at station y = 11.0 for
a = 16°.

Results for the high-lift wing configuration are
presented in figures 34 and 35. Inboard wing sta-
tions, again, showed the largest changes with sideslip
variation. The high-lift elements showed significant
variation in pressure distributions at high angles of
attack.

Effect of Flap Deflection

Figures 36 and 37 show the effect of flap deflec-
tion on pressure distributions for the flaps-only and
high-lift configurations, respectively. As expected,
when flap deflection was increased, suction pressure

increased on the wing and the flap elements for both
configurations. Flow on the flap elements, as indi-
cated by Cp distributions, appeared to improve dra-
matically with increasing flap deflection.

Wing pressure distributions for the flaps-only con-
figuration showed one anomalous characteristic at
g = 20 psf and « = 16° for both é; = 40° and 60°
conditions (fig. 36(g)). Flow on the wing upper sur-
face appeared to be completely separated at the two
outboard stations (y = 43.75 in. and 59.0 in.). These
were the same conditions that were significantly af-
fected by changes in free-strecam speed and discussed
in the “Effect of Free-Stream Speed” section.

Wing pressure distributions for the high-lift con-
figuration exhibited several interesting characteris-
tics. At o = 16°, the three inboard stations increased
in suction pressure over the forward portion of the
wing as flap deflection was increased from bp = 20°
to 40°, followed by a decrease in suction pressure for
the 6, = 60° condition (figs. 37(g) to 37(i)). Both
outboard wing stations showed continually increasing
suction pressure as flap deflection was increased. The
pressure distribution on the Krueger flap were gener-
ally unaffected by flap deflection changes for the three
inboard stations, whereas the outhoard stations were
much more sensitive to changes in flap deflection.

Effect of Leading-Edge Krueger Flap

The effect of the leading-edge Krueger flap on
pressure distributions was investigated and the re-
sults are presented in figures 38 to 40. The function
of a leading-edge Krueger flap is to extend the angle-
of-attack range of the wing. A properly designed
Krueger flap has a deflection angle that would be
aligned with the upwash at the leading edge. This
alignment reduces the peak suction pressure on the
wing, which allows operation at higher angles of at-
tack without flow separation.

Results highlighting the effect of addition of the
Krucger flap to the cruise configuration are presented
in figure 38. Interestingly, the Krueger flap increased
the suction pressure on the wing above that exhib-
ited with the cruise wing configuration at a = 0°.
Apparently the Krueger flap increased the wing cir-
culation, which caused the wing loading to increase.
At a = 8°, the upper-surface pressure distribution
on the wing with and without the Krueger fap were
nearly identical. Wing lower-surface flow was af-
fected by the stagnant (no flow) region on the lower
surface of the Krueger flap. Above a = 16°, the
classical reduction in peak suction pressure on the
wing occurred. Figure 38(j) particularly highlights
the benefits of the Krueger flap at station 59.0 in.
Without the Krueger flap installed, the wing upper
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surface was separated; but with the Krueger flap in-
stalled, flow on the wing remained attached.

Figures 39 and 40 present the effect of installation
of the Krueger flap to the flaps-only configuration.
Nearly identical upper-surface pressure distributions
on the wing with and without the Krueger flap
occurred at o = 0°. At a = 8° and above, peak
suction pressure on the wing was reduced by the
installation of the Krueger flap. Several examples
highlighting how the Krueger flap reduced very steep
pressure gradients on the wing are shown in figures 39
and 40 for a > 16°. Deployment of the Krueger flap
appeared to eliminate flow scparation on the outer
two wing stations at « = 20°.

Installation of the Krueger flap reduced suction
pressure on the trailing-edge flaps at « = 0° for the
8¢ = 30° and 60° conditions. Pressures were largely
unaffected by the Krueger flap for the 65 = 30° con-
dition at higher angles of attack. For the é; = 60°
condition, however, trailing-edge flap suction pres-
sures were typically reduced by the Krueger flap at
higher angles of attack.

Effect of Empennage

Tests were done to determine the effect of the
cmpennage on wing pressures, and the results are
presented in figures 41 and 42 for the cruise and flaps-
only (6y = 30°) configurations, respectively. The
empennage appeared to have no measurable effect
on wing pressures for either configuration throughout
the angle-of-attack range.

The data of the cruise configuration highlight an
important aspect. Data acquired for the configura-
tion with no empennage were obtained near the be-
ginning of the wind tunnel investigation and data
for the configuration with the empennage were ac-
quired near the end, with a great number of model
changes in between. The excellent repeatability im-
plies not only good model fidelity, but also demon-
strates the ability to accurately replicate model and
tunnel conditions.

Effect of Engine Nacelles

The effect of the unpowered engine nacelles on
pressure distributions is presented in figures 43
and 44 for the cruise and the flaps-only (6; = 40°)
configurations, respectively. The nacelles were in-
stalled at wing stations y = 15.00 in. and 29.00 in.
The model geometry was wing and body (no hori-
zontal or vertical tail) for both wing configurations
with nacelles off. For the cruise configuration, both
vertical and horizontal tails were installed with the
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nacelles-on case (fig. 43). For the flaps-only config-
uration, only the vertical tail was installed with the
nacelles-on case (fig. 44). The empennage had no
effect on wing pressures; therefore, any differences
shown in figures 43 and 44 can be exclusively at-
tributed to the installation of nacelles on the wing.

Figure 43 presents the effect of nacelle installation
on wing pressures for the cruise configuration. The
nacelle installation caused a very slight reduction in
suction pressure for the three inboard stations. There
was little or no effect on pressure distributions for the
outer two stations.

The effect of nacelles on wing pressures for the
flaps-only configuration is presented in figure 44. At
low angles of attack (a < 8°), the only noticeable
cffect was a very slight reduction in peak suction
pressure on the wing for the threc inboard stations.
Significant changes in Cp values can be seen for the
g = 20 psf at o = 16° condition (fig. 44(g)), where
major differences in pressure distributions appear
to have been caused by installation of the nacelles.
This condition was sensitive to changes in free-stream
speed. The addition of nacelles may have caused
changes in the flow-ficld of the wing that represented
more than just the interference effect of the nacelles.
Data at higher free-strecam speeds (g = 40 psf and
60 psf) at this angle of attack indicate that the
nacelles caused a reduction in suction pressure on the
wing and the flaps for the three inboard stations and
had essentially no effect on the outer two stations.

Concluding Remarks

A wind tunnel investigation was conducted on a
generic, high-wing transport model in the Langley
14- by 22-Foot Subsonic Tunnel. The untwisted wing
incorporated a full-span, leading-edge Krueger flap,
a part-span, double-slotted trailing-edge flap system.
The starboard wing had five rows of chordwise pres-
sure taps. The trailing-edge flap was tested at four
different deflection angles (20°, 30°, 40°, and 60°).
Four wing configurations were tested: cruise, flaps
only, Krueger flap only, and high lift (Krueger flap
and flaps deployed).

Tests were conducted at free-stream dynamic
pressures of 20 psf to 60 psf with corresponding chord
Reynolds numbers of 1.22 x 108 to 2.11 x 10% and
Mach numbers of 0.12 to 0.20. The angles of at-
tack presented range from 0° to 20° and were deter-
mined by model configuration. The angle of sideslip
ranged from —20° to 20°. This report contains data
that document effects of various model configura-
tions and free-stream conditions on wing pressure
distributions.



Results of the investigation may be summarized

as follows:

1.

Pressure distributions were largely unaffected by
free-stream speed at low to moderate angles of
attack (o < 16°). Significant effects of free-
stream speed were obscrved at high angles of
attack (a > 16°); these effects increased as flap
deflection was increased.

Increasing angle of attack had the general effect
of increasing suction pressure on the upper sur-
face of the wing. The effect of increasing angle
of attack on the high-lift clements varied with
configuration.

Increasing sideslip angle from —20° to 20° gener-
ally produced significant increases in suction pres-
sure for the inboard wing stations with less cf-
fect on the outboard stations. The sensitivity of
the pressure distributions on the Krueger flap and
trailing-edge flaps to sideslip changes varied with
wing configuration and angle of attack.

. Increasing trailing-edge flap angle produced in-

creased suction pressures on the wing and the
flap. Improvements in flap loading were evident
with increasing fap deflection. Outboard pres-
sure stations on the Krueger flap were much more
sensitive to flap angle changes than the inboard
Krueger flap stations.

The leading-edge Krueger flap increased the max-
imum suction peak on the wing for the Krueger-
flap-only configuration at low angles of attack. At
higher angles of attack, the Krueger flap lowered
the peak suction pressure on the wing, thus al-
lowing operation at high angles of attack without
flow separation.

Installation of the empennage had no measurable
effect on pressure distributions throughout the
angle-of-attack range investigated.

Installation of wing-mounted, unpowered cengine
nacelles generally caused a reduction in suction
pressure on the wing and the trailing-edge flaps.
The effect was significant for the inboard wing
stations that were in the proximity of the nacelles
and negligible for the outboard stations. The
effect of the nacelles was greater for the wing with
trailing-edge flaps deployed than for the cruise
wing configuration.

Pressure distribution data presented herein pro-

vide a quantitative assessment of aerodynamic ef-
fects due to model configuration and free-stream con-

ditions.

Examples of excellent data repeatability

demonstrate good model fidelity and accurate repli-
cation of test conditions. The entire data sct can be
made available by electronic transfer by contacting
the authors.

NASA Langley Research Center
Hampton, VA 23681-0001
October 27, 1994
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Table 1. Coordinates of Wing

“u

Y

x, percent ¢y

Coordinates of wing at—

Station 0 in.

Station 35.00 in.

Station 70.00 in.

Zy, percent ¢y

z1, percent ¢y,

2y, percent ¢y,

2], percent cy,

2y, percent ¢y,

z;, percent ¢

0
1.25
2.50
5.00
7.50
10.00
15.00
20.00
25.00
30.00
35.00
40.00
50.00
60.00
70.00
80.00
90.00
95.00
100.00

0

2.96
3.93
5.14
5.97
6.57
7.33
7.80
8.09
8.23
8.25
8.25
8.09
7.53
6.56
5.12
3.00
1.64
0

0
—2.89
-3.74
—4.78
-5.35
-5.80
—6.38
—6.79
—7.00
—7.14
—7.24
—7.28
—7.16
—6.43
—4.57
—2.05

—-.25
—.14
—.62

0

2.92
3.97
5.18
5.91
6.48
7.33
7.92
8.31
8.61
8.80
8.92
8.85
8.34
7.36
5.61
3.14
1.62
0

0
-3.12
—-4.14
-5.34
—6.06
—6.58
-7.30
—7.77
—8.04
—8.18
—8.16
~8.05
—7.37
-5.48
—3.56
-1.30

—.22
—.45
—.77

0

2.18
2.76
3.48
3.95
4.29
4.77
3.08
5.27
3.40
5.47
5.50
5.45
5.21
4.74
3.96
2.56
1.45
—.08

0
-2.17
—2.80
-3.58
—4.09
—4.46
—4.94
—-5.23
—-5.41
—5.49
—5.49
-5.25
—4.98
-3.90
-1.51

.53
1.40
1.07

—.14
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Table 2. Coordinates of Vane and Flap

Vane

z

u
A

Flap

Coordinates for vane at

Coordinates for flap at

Station 35.00 in.

Station 52.50 in.

Station 35.00 in.

Station 52.50 in.

I, percent

Zy, percent ¢y,

21, percent oy

Zy, percent cy

2y, percent oy,

Zy, percent

2y, percent cp

Zy, percent ¢

2y, percent ¢y

Cp or ¢ | ey = 02360, | cp = 0.236¢y, | ¢y = 0.233¢y, | 0 = 0.2330y, ey = 0.264¢y | ¢y = 0.264¢,, of = 02620, | cf = 0.262¢,
0 —12.50 —-12.50 —8.00 —&.00 —4.00 —4.00 —2.50 —2.50
1.25 —6.52 —16.50 —3.50 —12.60 0 —7.38 1.50 —5.05
2.50 —4.00 —18.09 —1.48 —14.00 1.92 —8.42 3.25 -5.85
5.00 —.30 —19.49 1.65 —15.50 4.79 —8.70 H.32 —6.48
7.50 3.55 —20.20 3.90 —-16.27 6.93 —8.45 6.60 —G.68

10.00 4.82 -20.48 5.75 —16.65 8.68 —-7.87 7.56 -6.56
15.00 8.50 —-20.13 8.90 —16.65 11.01 —6.70 9.08 —-5.76
20.00 11.52 —19.19 11.25 —16.10 12.61 —5.64 10.20 —1.84
25.00 14.10 —17.98 13.11 —15.20 13.78 —4.67 11.06 —3.98
30.00 16.28 —16.51 14.65 —14.02 14.52 -3.75 11.65 —2.15
40.00 19.40 -13.82 16.92 —11.70 15.06 —2.15 12.11 -1.72
50.00 21.05 —-11.50 18.10 —9.60/-2.00 14.25 —1.02 11.90 —.69
52.00 21.24 1.10 18.25 2.90

54.00 21.42 4.10 18.33 4.80

60.00 21.84 9.98 18.40 8.30 12.32 —.43 10.95 0
70.00 21.82 13.50 18.23 11.32 9.75 —.46 9.30 15
80.00 21.13 15.85 17.70 12.92 6.68 —1.00 7.17 0
90.00 19.91 16.71 16.63 13.50 3.25 —1.79 4.75 —-.60
100.00 18.00 16.55 15.28 13.50 —.43 -2.70 2.11 —-1.45




Table 3. Coordinates of Leading-Edge Krueger Flap

Coordinates of Krueger flap at -

Station 0 in. Station 35.00 in. Station 70.00 in.
2y, percent ¢ | z;, percent ck | 2y, percent cg | z;, percent cg | zy, percent cg | 2, percent cg
x, percent cg | cx =0.17cy, | ¢ = 0.17¢cy, | cg =0.22¢, | cg = 0.22¢y | cg = 0.175¢y | cx = 0.175¢w
0 0 0 0 0 0 0
1.25 5.00 —5.00 5.00 —-5.00 5.00 —5.00
2.50 6.95 —6.95 6.95 —6.95 6.95 —6.95
5.00 16.00 —10.00 10.00 —10.00 10.00 —10.00
7.50 12.05 —-12.05 12.00 —12.05 12.00 —-12.05
10.00 13.55 —13.55 13.55 —13.55 13.55 -13.55
15.00 15.60 —15.60 15.60 —15.60 15.95 —15.95
20.00 16.95 16.95 17.50
30.00 17.90 17.90 19.20
40.00 17.50 17.50 19.35
50.00 16.20 16.20 18.62
60.00 14.20 14.20 17.25
70.00 11.60 11.60 15.30
80.00 8.55 8.55 12.80
90.00 5.25 5.25 9.90
100.00 1.70 1.70 6.70

10




Table 4. Deflection Angles of Leading-Edge Krueger Flap and Trailing-Edge Double-Slotted Flap

Wing station, in. b, deg by, deg ér, deg

35.00 70 10 20
15 30
20 40
30 60

52.50 60 10 20
15 30
20 40
30 60

70.00 40

11



Table 5. Nondimensional Chordwise Location of Cruise Wing Pressure Taps

Location of pressure taps at—

Station 11.00 in.;

Station 19.00 in.;

Station 22.00 in.;

Station 43.75 in.;

Station 59.00 in.;

Ccw = 22.446 in. ¢y = 21.097 in. ¢y = 20.591 in. ¢w = 15.925 in. ¢y = 11.611 in.
Upper surface
0.000 0.000 0.000 0.000 0.000
.003 .003 .003 .002 .003
.010 .010 .010 .010 .010
.025 025 .024 .025 .024
.050 .050 .050 .050 .050
075 075 075 .075 075
.100 .100 .100 100 100
150 151 .151 151 .150
300 300 .300 .300 300
400 .400 .400 .400 400
.500 .500 .500 .500 .500
.600 601 .600 .600 .600
.700 .698 .700 .700 .697
.749 750 744 .749 .749
799 .800 .800 779 .808
Upper surface vane .855
0.860 0.852 0.848 0.830 .904
.874 .866 .864 .847 .951
Upper surface flap 987
0.937 0.932 0.930 0.921 997
981 978 977 974
997 .995 .996 995
1.000 1.000 1.000 1.000
Lower surfacc
0.003 0.003 0.004 0.004 0.004
.012 .012 013 .012 .012
.050 .050 .050 .050 .050
.100 .100 .100 .100 101
.150 .150 150 150 150
300 .300 .300 .299 .300
.400 400 .400 .400 400
488 488 488 .488 .500
.600 999 .600 .599 599
650 .649 .650 .651 .650
Lower surface vane .760
0.716 0.697 0.690 0.655 750
735 718 711 678 .808
.764 750 .743 712 .855
Lower surface flap 903
0.795 0.781 0.775 0.750 951
817 .804 799 776 987
871 .862 .858 .842
936 931 929 921
979 977 .976 974
996 .995 .995 .995
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Table 6. Nondimensional Chordwise Location of High-Lift Wing Pressure Taps

Location of pressure taps at—

Station 11.00 in.;

Station 19.00 in.;

Station 22.00 in.;

Station 43.75 in.;

Station 59.00 in.;

Cy = 22.446 in. cyw = 21.097 in. cyw = 20.591 in. ¢y = 15.925 in. ¢ = 11.611 1n.
Upper surface

0.000 0.000 0.000 0.000 0.000
.003 .003 .003 .002 .003
.010 .010 .010 .010 .010
025 025 .024 .025 .024
050 050 .050 .050 050
.075 .075 .075 .075 075
.100 .100 .100 .100 .100
.150 151 151 151 .150
.300 .300 .300 300 .300
.400 400 .400 .400 .400
.500 .500 .500 .500 .500
.600 .601 .600 .600 .600
.700 .698 700 .700 697
.749 750 744 749 .749
.799 .800 .800 779 .808
.855

.904

951

987

997

Lower surface

0.800 0.800 0.800 0.779 0.987
750 750 750 .749 951
.700 .700 .700 .700 .903
.650 .649 .650 .651 855
.600 .599 .600 599 .808
488 .488 .488 488 750
.400 .400 .400 .400 700
.300 .300 .300 .299 650
150 .150 .150 .150 .599
.100 .100 .100 .100 .500
.050 .050 .050 .050 400
.012 012 013 012 300
.003 .003 .004 .004 150
101

.050

.012

.004
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Table 7. Nondimensional Chordwise Location of Krueger Pressure Taps

Location of pressure taps at—

Station 11.00 in.; Station 19.00 in.; Station 22.00 in.; Station 43.75 in.; Station 59.00 in.;
cx = 4.105 in. ckx = 4.087 in. cx = 4.087 in. cx = 3.359 in. cx = 2.231 in.
Upper surface
0.000 0.000 0.000 0.000 0.000
.009 012 .004 .012 .016
.047 .049 .052 .042 .066
151 .150 153 .136 163
.400 .399 403 381 414
700 .700 .703 .683 .708
.897 .889 .903 .891 .897
.966 .968 972 .962 963
Lower surface
0.693 0.696 0.699 0.665 0.706
.399 .407 .402 .369 .401
.100 .101 .099 .109 .090
.046 .047 .051 .055 .042
011 011 .005 .017 .01

Table 8. Nondimensional Chordwise Location of Vane Pressure Taps

Location of pressure taps at—

Station 11.00 in; Station 19.00 in.; Station 22.00 in.; Station 43.75 in.;
cp = 4.342 in. cy = 4.342 in. ¢y = 4.342 in. ¢y = 3.734 in.
Upper surface
0.001 0.002 0.001 0.000
.009 .012 .016 011
.047 .049 .055 .051
.144 151 151 .155
.220 227 .228 .252
.394 .400 .402 .406
.693 701 703 .705
.895 .901 .901 .902
967 971 973 973
Lower surface
0.968 0.970 0.968 0.972
.896 .901 .900 .906
.594 .599 .599 .602
.496 498 498 501
.396 .400 400 .398
.249 .250 .250 .248
.150 .147 .149 147
.049 .048 .048 .048
.005 .013 017 012
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Table 9. Nondimensional Chordwise Location of Flap Pressure Taps

Location of pressure taps at—

Station 11.00 in.; Station 19.00 in.; Station 22.00 in.; Station 43.75 in.;
cf = 4.858 in. cf = 4.858 in. cf = 4.858 in. cf = 4.197 in.
Upper surface
0.011 0.006 0.004 0.002
.033 029 028 .025
.059 054 .053 .050
.158 154 152 151
407 405 402 402
.709 703 702 .700
907 904 .902 .898
.987 .984 .982 .979
.999 1.000 .999 1.000
Lower surface
0.982 0.979 0.978 0.979
904 .899 .899 .899
703 .700 698 697
402 400 .399 401
153 150 .149 .150
.053 .049 .046 .0561
018 .013 .012 on
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(a) Front, side, and top views.

Figure 1. Sketch of generic, high-wing transport model. Linear dimensions are given in inches.



(b) Cruise wing.

{c) Flaps-only wing.

(d) Krueger-flap-only wing.

(e) High-lift wing.

Figure 1. Continued.
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- 59.00 >
- 43.75 >
- 29.00 >
e 22.00 ——>]
< 19.00 —|
<——15.00
— <—11.00 —>| r:taa(i%f Nacelle Pressure tap stations
1 |

16.28
24.30

\
t

(f) Pressure tap and nacelle station locations on starboard wing. Dimensions are in inches.

Figure 1. Concluded.
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(a) Front three-quarter view.

(c) Aft view.

Figure 2. Generic, high-wing transport model with high-lift configuration, empennage on, and unpowered
engine nacelles off installed in Langley 14- by 22-Foot Subsonic Tunnel.
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N - T
Xref, v Xref, f
Sta Xref v Sta xref f
15 14.10 15 1.36 15 1.10
39 10.05 39 1.26 39 1.15
48 8.50 48 1.10 48 1.02

Figure 3. Location of reicrence points used to position high-lift system elements. Dimensions are in inches.



Pressure tubes
Section A-A

(a) 65 = 0°.

(c) 65 = 30°.

Figure 4. Inboard trailing-edge flap system brackets and element locations for stations y = 15.0 and 29.0 in.
Dimensions are in inches.
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4.85

(e) 65 = 60°.

Figure 4. Concluded.



0.28

- .

2.75 250

(b) &5 = 20°.

0.24

0.56

(c) 67 = 30°.

Figure 5. Outboard trailing-edge flap system brackets and element locations for station y = 39.0 in. Dimensions

are in inches.
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1.00

(d) 67 = 40°.

\ }2.16
~ g g

4.55 3.21

(C‘) 5f = 60°.

Figure 5. Concluded.
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(a) 65 =0°

0.15

- - i Lt 06
T
235 2.11
(b) &7 = 20°.
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0.55
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275 233

(C) 6f = 30°.

are in inches.

Figure 6. Qutboard trailing-edge flap system brackets and element locations for station y = 48.5 in. Dimensions
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(d) 67 = 40°.

2.50
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(e) 8y = 60°.

Figure 6. Concluded.
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\ X 1.40

!
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(a) Station y = 15.0 in.

Leading edge

of wing

\

)
1

Wing reference line .70

|

Center of
/ blade rotation

< 13.9 >

(b) Station y = 29.0 in.

Figure 7. Unpowered engine nacelle and pylon installation characteristics.

otherwise noted.

Dimensions are in inches unless
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- 140.00 >
< 63.00 —
® © ® N Y /
-« 114.0 >
- 127.8 >

Figure 8. Transport model with unpowered engine nacelles. Dimensions are in inches unless otherwise noted.
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(a) Front view.

(b) Front three-quarter view.

Figure 9. Transport model with unpowered engine nacelles installed, flaps-only configuration, and empennage
on.
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Figure 10. Effect of free-stream speed on pressure distributions for cruise configuration.
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Figure 10. Continued.

31



32

q, psf

O 20
O 30
& 40
A 50
N 60
Al - ["+" inside symbols indicates lower surface pressures]
9+ y=22.01n.
T+
5+
3
-1
1 1 L ! | ] i | |
-11
9 y= 19.0 in.
-
-5+
3+

9 y=llOm

xlc,,

(b) a=4°

Figure 10. Continued.
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Figure 10. Continued.
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Figure 11. Effect of free-stream speed on pressure distributions for flaps-only configuration at (%: 20°.
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Figure 12. Effect of free-stream speed on pressure distributions for flaps-only configuration at 5f= 30°.
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Figure 23. Effect of angle of attack on pressure distributions for flaps-only configuration at 6f= 40°.
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Figure 24. Effect of angle of attack on pressure distributions for flaps-only configuration at 6f= 60°.
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Figure 27. Effect of angle of attack on pressure distributions for high-lift configuration at 6f= 30°.
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Figure 28. Effect of angle of attack on pressure distributions for high-lift configuration at 5f= 40°.
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Figure 29. Effect of angle of attack on pressure distributions for high-lift configuration at 5f= 60°.
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Figure 30. Effect of sideslip angle on pressure distributions. Cruise configuration.
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Figure 35. Effect of sideslip angle on pressure distributions for high-lift configuration at 5f= 60°.
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